earth monosilicates. The current study provides guidelines for the selection of environmental barrier coatings with a better water vapor corrosion resistance.
Introduction
The silicon-based non-oxide ceramic materials, as hot section components of aeroengines, suffer from rapid recession at a high temperature combustion environment owing to water vapor corrosion [1, 2, 3] . As a result, environmental barrier coatings (EBCs) are usually mandatory to be applied on those substrates to prevent them from reacting with water vapor, thereby alleviating such rapid recession problems [4, 5, 6, 7] . Recently rare earth monosilicates (RE 2 SiO 5 ) are proposed as one of the most promising EBC topcoat materials due to their excellent properties for EBC applications [8, 9, 10] .
For an EBC topcoat, good water vapor corrosion resistance is a prerequisite. However, regarding the water vapor resistance property of different rare earth monosilicates, there are contradictions in different literature. For instance, K.N. Lee et al. [8] shows that the water vapor resistance of RE 2 as these experimental results were tested in an alumina tube, it is reported that the alumina contamination can probably change water vapor corrosion resistance of RE 2- SiO 5 [12] . However, as the working conditions of EBCs are alumina free, the above testing results cannot probably represent the genuine water vapor corrosion resistance of rare earth monosilicates in combustion environment of gas turbines that is normally free of alumina species. Therefore, these data on water vapor corrosion resistance are required to test in an atmosphere that is similar to combustion environments and free of alumina species. Unfortunately, experimentally it is difficult to conduct water vapor corrosion resistance tests without introducing alumina at such a high temperature, as there are rare water vapor inert media that is suitable to conduct such experiments.
Alternatively, these water vapor corrosion resistance data can be obtained by theoretical calculations. The first-principle calculations have been proven to be a powerful tool to predict the properties of compounds with identical crystalline structure but various elements. For instance, the water vapor corrosion resistance of RE 2 Si 2 O 7 with the same crystal structure could be reflected by the strength of Si-O bonds [13] . It is worth pointing out that, a stronger Si-O bond is usually reflected by a higher Mulliken population, given Si-O bonds in an identical crystallographic environment.
In addition, the water vapor resistance of 0.75BaO 0.25SrO Al 2 O 3 2SiO 2 (BSAS) with a hexagonal crystal structure had also been predicted by the strength of Si-O bonds and the calculated results were in good agreement with the experimental data [14] . These all studies suggest the feasibility of a computational method for comparing water vapor corrosion resistance of different materials with the same crystal structure.
Therefore, in the current work, in order to unveil RE 2 
Methods
The first principles calculations were carried out by using CASTEP code [15] . The plane wave basis was employed under periodic boundary conditions. The kinetic energy cutoff was set to 450 eV for expanding Bloch waves in the reciprocal space. For the energy integrations, a discretized 2 Â 3 Â 4 k sampling grid was applied in the first irreducible Brillouin zone based on Monkhorst-Pack method [16] . For the exchange correlation energy, polarized local density approximation (LDA) was used [17] . The crystal structures were fully optimized by independently modifying lattice parameters and internal atomic coordinates. The BroydeneFletchere GoldfarbeShanno (BFGS) minimization scheme [18] was employed to minimize the total energy and interatomic forces. For the pseudo-atoms, the ultra-soft type pseudopotentials were applied for RE, Si, and O atoms to account the electrostatic interactions between valence electrons and the ionic core. The criteria for convergence in geometry optimization were selected as follows: the difference in total energy within 1 Â 10 À6 eV/atom, the ionic HellmanneFeynman forces within 0.002 eV/ A, the maximum stress within 0.01 GPa and the maximum ionic displacement within 1 Â 10 À4 A. After geometric optimization, the Mulliken bond populations were analyzed. The distance cut-off for bond populations was 3.0 A. Table 1 ).
Result and discussion
Thus, the Si-O bond needs to become longer to remain the volume and consequently mulliken population of Si-O bond in Lu 2 SiO 5 becomes the lowest.
As our primary concern is the bonding strength of Si-O bonds in RE 2 SiO 5 , which directly relates to the water vapor corrosion resistance of a rare earth monosilicate, Table 2 and Fig. 5 . Obviously, the trend of water vapor resistance is essentially the same as results from Mulliken bond populations in Fig. 4 .
However, there are two differences in water vapor resistance. The new order is: 
Conclusion
The monosilicates currently investigated. The current study ranks water vapor resistance of common rare earth monosilicates and suggests the doping on the RE site could possibly further improve its water vapor resistance, which provides guidelines for the selection of environmental barrier coating topcoat materials with water vapor corrosion resistance. 
